In the last decade, the interest in physical organogels has grown rapidly with the discovery and synthesis of a very large number of diverse molecules, which used organic solvents at low concentrations. New organogels based on poly (acrylic acid) (PAA) and cellulose acetate (CA) were prepared as thin films to study properties and swelling behavior. In organogels synthesis different crosslinking agent and initiator concentrations were studied. The swelling for PAA/CA organogels was carried out with acetone at 3 different temperatures (30º, 40º and 50 ºC) and pH of 6.5 (pH acetone = 6.5). The higher swelling for PAA/CA organogels was 770% for 25PAA/75CA composition ratio with 3%wt N,N´-methylene-bis acrylamide (MBA) and 1%wt potassium persulphate (KPS) at 30 °C. The films were analyzed by FTIR and the presence of functional groups of each polymer was confirmed without secondary reactions. The DSC analysis indicated two glass transition temperatures (T g ); at 106 ºC corresponding to PAA and 86 ºC, corresponding to CA, respectively, indicative of phase separation, characteristic of gels. Surface morphology was analyzed by Scanning electron microscopy (SEM) showing smooth surface and small crystal forms.
Introduction
Nowadays, several polymeric systems that are capable of responding to many nature stimuli modifying their mechanical and physical properties, have been studied showing characteristic properties to be used in several applications, including biomedical and agricultural applications, for that it can be said that polymer science has been having a great development in last few years specially in health sector [1] .
In polymers, super absorbent polymers have become an important component of many products and these polymers have had special importance because most of them are used as biomedical and pharmacobiologic fields in personal care, principally in diapers. Polymers that have this ability are an example of some similar materials named "Hydrogels" which are crosslinked materials that have swelling properties of large water and aqueous dissolution amount without dissolving it and organogels which also have swelling properties but instead water absorb liquid solvents depending on the raw material nature. In this project material from nature resources as cellulose derivative were used to study how it can contribute to organogels properties and to observe its behaviour over physical and chemical characteristics [2] .
Organogels are formed by a specific kind of small organic molecules that, in many solvents including water, very efficiently self-assemble into a three-dimensional network and thereby turn the liquid into a gel. Many scientists [3] prepared these novel functional organogelators by organic synthesis starting from simple building blocks such as peptides and carbohydrates, to which functional moieties were attached. Rational design rules in combination with computer modelling leads to promising molecular structures, which exhibit the desired supramolecular architecture and function .Two features distinguish organogels from gels formed by polymers (I) the formation of organogels is fully reversible, and (ii) the network structure formed is highly ordered at the supramolecular level.
Organogels have potential for use in a number of applications, such as in pharmaceuticals [4] , cosmetics, art conservation [5] , and food [6] . An example of formation of an undesired thermoreversible network is the occurrence of wax crystallization in crude oil [7] .
The large solid-liquid interfacial area and the possibility to tramp solute within the gel pores or even to covalently incorporate the solute as part of gel system for delayed release makes this technology particularly attractive for induced-release drug delivery systems. Some gels can dissociate and release their content in response to changes in pH, temperature, redox potential or illumination.
However, only a few organogels are currently being studied as drug (vaccine can be prophylactic (e.g. to prevent or ameliorate the effects of a future infection by any natural or "wild" pathogen), or therapeutic) delivery vehicles as most of the existing organogels are composed of pharmaceutically unacceptable organic liquids and/or unacceptable/untested gelators [3] . The gelator molecules immobilise large volumes of liquid following their self-assembly into a variety of aggregates such as rods, tubules, fibres and platelets. The many interesting properties of these gels, such as their thermoreversibility, have led to much interest over their industrial applications [1] .
Despite the interesting properties of organogels, scientists have yet to find a practical role for them, although several research teams are exploring their potential in electrooptical displays, as a means for clearing up oil spills and as a drug delivery mechanism [2] .
Lately, hydrogels and organogels are used for controlled release drugs absorption when they are in contact with any surface. This could happen though channels or spaces inside the network besides by effect of matrix dissolution / disintegration (breaking up) [8] . These materials showed the principal reaction of changing shape and volume and have a lot of applications; the monomers that will be used in this research are acrylic acid and cellulose derivates.
Poly (acrylic acid) (PAA) is a polyelectrolyte polymer able to form ions when is in aqueous environment causing considerable enhancement of volume (swelling) due to hydrogen or covalent bonds formation. This property is important advantage of hydrogels made off poly(acrylic acid) and must be considered; besides it is not toxic and is very sensible to temperature and pH changes. Recently, studies about hydrogels based in poly(acrylic acid) showed proper mechanical and physical characteristics such as: elongation, strain a tension resistance when they are in swollen state.
On the other hand, cellulose derivates (cellulose acetate) have high rigidity; some can swell and be soluble in water or liquid solvents depending on degree of substitution (D S ). Cellulose acetate (CA) can give biodegradable character to any material that is mixed with it because it is a polysaccharide derivative; besides it can enhance physical properties of hydrogels which contain it.
Therefore, a study of chemical crosslinked acrylic acid (AA) with cellulose acetate (CA) was made with some purposes: to compare properties that each material contribute to organogels; to observe the organogels behaviour over physical and chemical properties, and propose the probable application of this material as controlled releases drugs system. The organogels PAA/CA were prepared by chemical crosslinking with glutaraldehyde (GA) and N,N´-methylene bisacrylmamide (MBA) using potassium persulphate (KPS) as initiator and clorhidric acid (HCl) as catalyst, in acetone solution. The organogels were analyzed by means of FTIR spectroscopy and DSC. Moreover, the results of water absorption with different temperatures and using acetone as liquid solvent were discussed.
Results and discussion
Organogel was prepared by adding GA, N,N´-MBA as crosslinker agents and HCl, KPS as catalyst and initiator respectively to the aqueous solution of the two polymers. The crosslinking carried out through the reaction between the hydroxyl group and O-acetyl groups of the CA and the aldehyde groups of GA. The presence of acetyl and hydroxyl groups on the chain causes CA to show interesting properties in various solvents. Therefore, the CA dissolution can be influenced depending on the solvent affinity for a specific functional group [9] .
In this study used 25%wt of PAA and 75%wt of CA and took 25PAA/75CA for referenced in the results. The solid films of 25PAA/75CA prepared with highest KPS concentration were opaque and white, and when MBA content increases the films were transparent and clean. All films showed transparency, uniform surface, homogeneity, and flexibility, which was determinated by hand. It was found that flexibility increased when CA concentration was increased in the system. Figure 1 shows IR spectra of the films with characteristic stretching absorptions of CA, 25PAA/75CA (with 1%wt MBA and 1%wt KPS) and poly(acrylic acid) (PAA). FTIR Spectra of CA films showed the main characteristics bands attributed to OH stretching from free OH in anhydroglucose (AGU) as substitute that appears at 3507 cm -1 and at 2946 cm -1 ; there is a small and sharp peak attributed ethylene asymmetric stretching (CH 2 -) as can be observed in Figure 1 (a) and 1(b). Also, a C=O vibration belonging to -COCH 3 group and corresponding to an ester characteristic vibration (acetate) is found at 1755 cm -1 . At 1034 cm -1 appears one intensive band corresponding to C-O-C stretching attributed to AGU main structure. FTIR Spectra of PAA at 3200 cm -1 shows a wide pronounced peak corresponding to OH bending from COOH group that posses PAA according to [9] , besides the presence of symmetric stretching of the carbonyl group (C=O) shown at 1706 cm -1 and at 1412 cm -1 there exists C-O-H bending belonging to pendant group (COOH) of PAA; this confirmed the presence of PAA in films. FTIR Spectra of 25PAA/75CA with 1%wt of KPS and 3%wt of MBA confirmed two assignations at 3600 cm -1 and 3400 cm -1 due to N-H and C-N stretching, respectively. These bands are characteristics of primary amide (N-H) presented in MBA structure, also, is observed that these assignations have medium intensity because the amount of MBA was only 3%wt and concentration inside polymer matrix is higher than that existed in PAA/CA film. 
FTIR Spectroscopy

Differential Scanning Calorimetry (DSC)
The phase state was inferred from the number, location and shape of the glass transition determined by means of differential scanning calorimetry. The condition employed is that two polymers are immiscible if two separate glass transition temperatures characteristic of each polymer are detected, while they are miscible if only one single T g at intermediate temperature is observed. In Table 1 are listed the transition temperatures determinated by means of DSC, the organogels showed two transition temperatures (T g ) indicating there is two separated phases, that is to say, two three-dimensional networks in the organogel, one for PAA network and the other one for CA network. Because of that, it can be assumed that a semi-interpenetrating network was formed, because one network was formed by polymerization and reticulation of AA while the other network was formed by crosslinking GA with CA.
Crosslinking causes T g increment to higher temperature according to the T g of each polymer and results shown in Table 1 . These indicate that as the MBA amount increases the T g increases because the density of crosslinking is enhanced therefore, the sample needs more heat flow to make the first molecular structure movement. In other words, there is not enough volume necessary to make free movements between pendant groups or crosslinked networks due to reduced molecular space present in the organogel. 
Swelling Studies
The most important property of organogel was the absorption with acetone because CA is compatible with acetone. Figure 2 shows swelling results at 192 h for 25PAA/75CA organogels at 30 ºC and pH of 6.5. It can be observed that the swelling degree is higher when used KPS concentration is 1%wt due to long polymer chains of PAA formed major intermolecular space within the polymeric network. The highest swelling degree was obtained with 3%wt of MBA (770%) and decrease when increased to 5%wt MBA due to chain break and collapse in the organogels network. However, COOH group of PAA was crosslinking with an optimum MBA concentration of 3%wt was due to the strong hydrophilic character provided by PAA. Figure 3 shows the effect of temperature on swelling behavior of organogels with 3%wt of crosslinking agent (MBA). In general, the tendency to swell decrease as temperature increase to different concentration of KPS. A reason to this is the amount of KPS in the copolymerization from PAA, because PAA is a hydrophilic material, which causses these materials to collapse or change its hydrophilic nature when temperature increase as result of diminution of organogel low critical swelling temperature (LCST). Shunsuke et al [10] , Otake et al [11] found that volume change on thermosensible hydrogels is characterized by LCST of polymer chains, and established that polymer LCST can be higher or lower in copolymerization with hydrophilic monomers. In essence, some polymers with appropriate composition and crosslinked density can reach high swelling values in water and room temperature and collapse at LCST. Besides, there exists some hydrogels that show hydrophilic nature below its LCST and hydrophobic nature above and have been useful in applications in cellular cultivation [12] . According to these results, PAA/ CA organogels showed to be temperature sensible, and above 30 °C, polymeric material present a chain contraction, which provoke a diminution of pore size and consequently of swelling percentage decrease. 
Study of Surface Morphology
The organogels surface morphology for 25PAA/75CA films prepared with 1%wt KPS and 3%wt MBA are shown in Figure 4 . The 25PAA/75CA organogels exhibits a relatively smooth surface and presents a porous structure capable of retaining and transferring liquid (see Fig. 4a ), compared with Figure 4b , where it presents the same sample but analyzed after swelling in acetone at 30 ºC. Here, it is observed that structure did not show porous arrangement, but found crystals due to chain break of cellulose acetate and to the presence of a dark zone caused by poly(acrylic acid). Both polymers presented phase separation due to swelling in acetone. 
Conclusions
It is possible obtain organogels from cellulose acetate with poly(acrylic acid), and both were crosslinked with different amount of MBA and KPS in order to observe changes in film properties and the principal optical characteristic were transparency and its softness to the touch. IR spectra showed PAA and CA presence in organogels without side effects. DSC analysis indicates two glass transition temperatures presence in all samples therefore it is concluded that the films are formed by two homogeneous three-dimensional networks.
Since the swelling process is governed by acetone diffusion through network which allow high acetone absorption in short times while in long times organogel try to reach an equilibrium state giving less acetone absorption. Capacity of swelling was evaluated to 192 h, because the organogels (25PAA/75CA) cannot find acetone absorption equilibrium this time.
Experimental part
Materials
CA (M n 50,000, 39.7 wt% acetyl content) were supplied by Aldrich Chem. Co., glutaraldehyde (GA, 25 wt% solution in water) for synthesis was purchased from Merck-Schuchardt, clorhydric acid (HCl) (37%wt solution) was supplied by Fermont, acetone was purchased by Fermont Potassium persulphate (KPS) was supplied by Fisher-Chemical Productos Monterrey, S.A., the crosslinker N,N´-methylene bisacrylamide (MBA) was purchased by Aldrich Chem. Co., and the water was double distilled.
Synthesis of CA/PAA films
As a suitable example organogel, we have chosen the hydrogels of PAA and CA with composition ratio 25/75. Organogels composed of PAA and CA were prepared by free radical solution polymerization in acetone as diffusion medium and the presence of a crosslinking agents, for the cellulose acetate was used GA (2.5 X 10 -3 M) and HCl (1.0 x 10 -2 ) as catalyst; for the AA was used N,N´-MBA as crosslinker agent with KPS as reaction initiator. However, the percentage of KPS and MBA were changed and tested between three values: 1%, 3% and 5%wt for KPS and 1%, 3% and 5%wt for MBA. The crosslinked organogels were prepared using various concentration ratios of MBA in liquid solvent solution to prepare organogels (5 wt% solution) gave us a partially or semi-homogeneous solution. The polymerization system was carried out with inert atmosphere (N 2 ) to avoid the oxidation. The solution were heated to 80 ºC with constant stirring for 30 minutes and then GA and MBA; as crosslinking agents and KPS as a initiator (0.5 wt% of total acrylic acid monomer) and HCl as catalyst; were added to the mixture and placed in a 80 ºC temperature poly ethylene glycol bath for 3 h following the proceeding of [13] , [14] , [15] with changes to our convenience. This mixture was poured into a small Petri dish to obtain a film. Organogels were stored in an open dish overnight at 50 ºC to allow solvent evaporation and thus providing them flexibility. Films were washed with acetone and water several times in order to eliminate the impurities and non-reaction monomer, then the samples were obtained by slow dry at 60 ºC for three days.
Characterization
The samples were characterized by Fourier Transform Infrared Spectroscopy (FTIR) has been recorded on Perkin Elmer, Spectrum One with KBr pellet technique. Thermal analysis of differential scanning calorimetry (DSC) was done on a TA Instrument 2010 model under nitrogen atmosphere, by heating from 0 to 200 ºC at 10 ºC/min rate in the first thermal cycle, and at 5 ºC/min rate in a second thermal cycle. A sample weight of 10 ± 2mg was used in each case.
Determination of the solvent absorbency of the organogels
The swelling of the hydrogels were done at three different temperatures; 30, 40 and 50 °C, and at one pH value of 6.5 (acetone). Completely dried hydrogels samples were cut into pieces and weighted till 0.4 g, after that each sample was put into a glass vial with top and were left to swell in a solvent at a constant temperature (30, 40 and 50 ºC). The solvent absorbed in the hydrogels films after swelling was calculated from the relation: % Swelling (W C ) = [(W S -W D ) / W D )] x 100 (1) where W C is the hold solvent in percentage absorbed by the xerogel film and W S and W D are xerogel films weights after and before swelling, respectively.
